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(54) Spark plug and method of manufacturing the same 

(57) A glaze layer (2d) formed on the surface an alu- 
mina-based insulator (2) of a resistor spark plug (100) 
contains Si0 2 (18-35% by weight). B 2 0, (25-40% bv 
weight). ZnO (10-25% by weight), BaO (7-20% by 
weight), Na a O (3-9% by weight), and K a O (3-9% by 
weight). Since the difference between the coefficient of 
hnear expansion of the glaze and that of the alumina- 
based insulating material is relatively small, the glaze 
layer (2d) is less susceptible to cracks and the like Also 
since the glaze has a softening point lower than that of 
conventional lead-silicate-glass-based glaze, the glost- 
finng temperature can be as bw as 800-950°C There- 
fore, even in the case where glost firing is performed 
concurrent^ with a glass sealing step, a center elec- 
trode (3) and a terminal metal piece (13) are less sus- 
ceptible to oxidation. Further, even though the content 
of the alkali metal component is high, a good insulating 
performance is obtained, so that excellent flashover re- 
sistance is attained. 


FIG. 1 
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Description 


[0001] The present invention relates to a snark nhm an n ^ .u , 

[0002] A spark plug used ,or providing ign So in an Semai tco^T MaCXUr ^ the s ? a * ^ 
ically includes a metallic shell; an in.uta"fbrmeJ,^^ an aulom °^ ^gine t yp . 

the metallic shell; and a center electrode disposed within the insu^r A n h"^ 8 ^ C6r3miC and dis P° sed ^ 
shell. The insulator axially projects from the rear opening portto of t^T"? ? iS attaChed ,0 the M * 

-nside the projecthg portion o, the insulator. The terminal ^|t£^"^f * ,ermin3 ' me,al piece is de POsed 
conductive glass seal layers formed in a glass se Z sTe P and the LTn T el<3CUOde Via a resis «* 
,r r meta, P iece, sparK discharge, induced ata 9 9 a P ^ 

!^12Z^SK RS^^ «* as P- -perature. 

and there may occur a so-called "flashove ' XSSr^iTr'^ ^ "** diSCha ' 9e 31 the 9 a P 
metal piece and the metallic shell such that L e^^o^^^^ * be,W8en the terminal 

Therefore, in order to prevent the flashover p»iBnL^^^^ ** ^ ° f lhe insulator - 

on the surface of their insulators. The glaze layer also seLTX Z ' £ 9 I ""^ " Se haV9 a 9 la2e lave ' '°"™d 
contamination, and for increasing chemical J ^S^^ZST^ * ^ °' inSUte, ° r S ° as to P r ^> 
[0004] The glaze layer is formed on an insulator, through aoSten m rt . . 

and firing (par.icu.arly called "glost firing"). ,n the case Ta^S^JLT* ' 7" ^ ^ SUrfaCe ° f 3 " inSUla,or 
layer, formed onafired insulatorthroughsubsequen, biS 9 ?X^ c T, tah J ** ^ 8 8pafk P ' U9 ' a 9 ,aze 
been used lead-silicate-glass-based glaze which has a IowZh In " Ch 3 C3S8, there has conventionally 

amount of PbO to silicate glass. However, this 

(2) Although the glaze contains a considerable an^JJX £f ■ f r ^ 

or more. In the manufacture of spark plugs, glost finn Ma oHen T ,6mperature is sti » high; i.e.. 1 000°C 

so as to reduce the number of manufacturing^teps Thereto" ^^^^ a glass sealing step 
d,sadvan»ageous.y permits accelerated oxidation of a . taJnSnS oit'lt' h ' empera,Ure as bribed above 
measure for further lowering the glost-firing temperatures to Ji T T, ° ^ e ' eC,r ° de A livable 
However, if the amount of alka.i melal componXt inVrelse^ T' ^ 38 ,0 the 9 la "- 
and the spark plug becomes susceptible to flashover e *<*ss IV el y , '"Nation performance is lowered 

of spark p,u9s ^ ~ ^^^s:^ 

[0005] A first object of the present invention is to provide a soark m„n ™ m 

thereon, wherein the glaze provides high insulation performance and c =n h r? P ?r 9 / n inSU ' a, ° r and a 9 laze la V^ 
as compared with conventional glaze. A second object ItoZ^SZZiS?!^ 5 8 ,ow ,em P^ature 

the spark plug. A third object of the present invention is to pSS J a ZTu ? 3 me,hod ° f ™™<acturing 

in glaze is remarkably reduced so as to meet growinglmandMo n r l .P" 9 the am ° Un * °' Pb contai ™ d 

[0006] According to a first mode of the present IrTerJionTa™ ilr£ v i enVlr ° nment - 
a metallic shell, a ground electrode, an haula^^ 

the center electrode. One end of the ground electrode is conSd toZ ^f 6 " is dis P° sed s ° a * to surround 
ground electrode faces the center electrode. The insu.a toVTcZSe^ hi She "' Wh " 6 the ° ther end of *e 

shell such that the insutator covers .he outer surface Tof he ca^e^jTi? ^ e,eCUOde ^ ' he metaliic 

at leas, a portion of the surface of the insu.ator. In order to achieve h 9 ! ,0rmed S ° 38 lo cover 

the glaze layer predominantly comprises, as elements be oVe^rTe JSi ab ° V ,r deSC " bed ° b >^ 9'aze which forms 
ments se.ected from among Na. K. and Li (hereinafter teZ UT^Zl ^ Z "' and Ba " and two el - 
nents"). Specifica.ly. the glaze contains Si in an amount T^ ZZ T °? CMdd9d 3,ka,i me,al com P°- 
2540% by weight as reduced to B 2 0 3 . Zn in an amount of 0 25 o/ 1 " m " '° Si ° 2 ' B in an amou <* °f 

of 7-^ by weight as reduced to* BaO. A.so. *° ^ ^ Ba " 3 " 

glaze in an amount of 3-9% by weight, as reduced to Na O K O o * q com P^ni a is contained in the 

tv „ Bi9h , „, , hat M , 0 lhe tola , w . ighl 'j'zz^zzix ol ,h8 9ten ,hen ,he 
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[0008] When the insulator 1o be coated with the qlaze is WmoH «i , 

the difference between the coefficient of linear ^ns^ ^XtuCZ^ : f u mina " based material, 
composition used for the spark plug of the first mode Tis relate ™ 1 , k ^ 9 ' Me ° f ,he ^-described 
cracks and the like. Also, since the amount of theSkSmeS^S^Sl , T ^ hyw " l6SS ^eptible to 
point lower than that of conventional leaoW.ilicate^o^a^^ ^la vely high, the g,a Ze has a softening 
be as tow as 800-950°C. Therefore, even in the case Jhere ^ ^'"^ ,em P^a.ure can 

step as mentioned above, the center electrode and the belSeSLT C ° nCUrren,| y with *» ^ss sealing 

oxidation. ° ,ne Delow bribed terminal metal piece are less susceptible to 

[0009] Further, notwithstanding the high amount of the alkali m«i Q i 

can be obtained. In this regard, il is important that wo dL en ^ Z^™*- P erfor ™nce 
and L, be added concurrently, rather than just one typ ol Ska.? ™ T com P° nen,s elected from among Na. K. 
inventors conducted studies and found the fo.lowingTn the case nhlT^T 8dded That iS ' the P resent 
the amount thereof increases, the conductivity of glaze draSZTZ ' meta ' COm P° nent is added alone, as 

-nsulation performance. However, when two types 1^^ ^? ^"2 l ° consi <^able impairment of 
of glaze does no, increase greatly, even when the total tn^cZSS?^ " C ° mbinati ^ conductivity 
so that excellent insulation performance is secured As a t^l^T^ ,B ^^ 6 ^ 

while permitting minima, reduction in insulation P e^rm anC e eLino . ° 3 ' mela ' COm P onents «n be increased 
e.. flashover prevention and lowering of g,ost-firing teZraturi A^o h S ' mUl,aneous a,tainme nt of the two goals, i. 

content ,s less than 18% by weight, the coefficient of ^JZ^^Z^T*?*" matefia| ' 1 ,he Si 

.he glaze layer becomes more susceptible to defects m^ZZ^^^^T* eXCessive * high, so that 
by we.ght, the coefficient of linear expansion of the glaze become, fon , ' t & C ° n,ent iS in excess of ™ 
susceptible to defects such as crazing. Preferabfy, ^^TJT 5? 1° ^ *" ^ teyer become * mo* 
[0011] The B content is set within the range of 25-40% bv ^leioh, T T ^ * 25 " 30% b * 
2S % . by weight, the softening point of the glaz'e kJ^^S^^ST °& " ^ * ' S lesS than 

desired temperature (800-950°C as described above) By contrast whl^h R ^ ^ * the P rescrib * d 

phase separation tends to occur in the resultant glaze » I * h ' 9her ,han 40% b V wei 9^ 

performance, or incompatibility with the substrate ir erm S ^ h 6 3 ^ vMica ^ deteriorated insulation 

content is set within the range of 30-35% by weight coefficient of l.near expansion. Preferably, the B 

[0012] The Zn content is set within the range of 10-25% h««, Q i„k, 

10% by weight, the softening point of the glaze increases 15j^i'SSf I ed 1 ^ " ,he COn,ent is 
desired temperature. By contrast, if the Zn content is he^eV. S h t* 08 " 8 '" 9 |ost firi "9 * the prescribed 
of the glaze becomes excessively high, so that the ito^^^^** ^T'™* °' ,hMr ex P ansi ™ 
Pre embly the Zn content is set within the range of ^lef^JShT * ***** SUCh 35 Cracks " 

[0013] The Ba content is set within the ranae of 7 on°i h„ . 

7% by weight, the insulation performance of Z ^ " the 83 

contrast if the Ba content is in excess of 20% by weight the ^oftenino D f ' aSh ° Ver P^ion. By 

failure to attain glost firing at the prescribed desired Swe^lT^ ° ' h °J laze increase *- which can lead to 
8-1 5% by weight. temperature. Preferably, the Ba content is set within the range of 

[0014] The two co-added alkali metal components are each wn . ai ^' .u . 

in this case, Na is calculated as reduced to Na 2 0 K fs LSte'ed a ' -h 9 !" amOUnt ° f 3 ' 9% b * wei 9"'- 
to Li o. If the amount of at .east one component is "esMha 3% * T^oZt f ' U ' S Ca ' CU ' ated M 
which can .ead to faHure to attain g.ost firing at the preset LZZTlTJ T* ^ ° f the 9 ' a2e increases . 
component is in excess of 9% by weight, the coefficient of •SnSTSSTn^ " ^ ° f 31 M ° ne 

that the glaze layer becomes susceptible to defects such as cracks 9 excessively is increased, so 

[0015] Also, the total amount of the co-added alkali metal enmn^n. 

within the range o, 6-14% by weigh, as reduced to ^erZeZToZVT^ ? ^ ^ h Preferably re 9 ulated 
metal components is less than 6% by weight, the softening point oTih^ '„, amOUn, °' lhe c °- addi,i onal alkali 

attain glost firing a. the prescribed dwiradlnpe^u^eo^l? iMhe ' nCreaSeS • ***** ^ ,ead ,0 failure to 
the insulation performance of the glaze is lowered which can^H i' 1 T™* 6XCeSS ° f 14% b * wei 9ht. 

[0016] Further, the value of A1/A2 is preferablyTeguteteT 

amount by mde of one of the two co-added alkali meXomponen ^ ^ h ^ 1 °" 2 °' Wherein Al re P resen,s the 
Na is calculated as reducedto Na 2 0. K is ca.cu.atedl Z ^ ^ ^ oi oXUer, provided that 

value of A1/A2 is above or below the mentioned range ^ ^^uSSw " * X ° U *°- " ,he 

alkal.metarcomponents is not sufficiently attained. A^ a ~^^^^ 
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can lead to impaired flashover prevention. Preferably the value of A1/ao i« ™ , ♦ ^ 

[0017] In order to suppress the increase in conduiitv oilZ * 1? ^L?„ 9 W ' th ' n fange ° f 15 " 2 0 

Na and K are preferably used as the co-added ^ 

amount o, 3-9% by weight as reduced to Na 2 0. and K "p SL^XSE in C3Se ' ^ * Pr6ferab,y added in an 
to K 2 0. 2 • dm ^ 18 P reter ably added in an amount of 3-9% by weight as reduced 

[0018] The total amount of cationic components contained in the qlaze ie <5i R 7n r w 
components, is preferably at least 95% by weight as reduced 1 . !u ' ' ' and co " adde d alkali metal 
by weight, the softening point of the gtaer^^ta?^,^" ^ ^ am ° Unt ' S ' 6SS lhan 95% 
desired temperature. Preferab., the total amoT! ^ w e ^ or IT * #" « ** 

or less with respect to the entirety of the glaze «^M^ n C f°^^^ «• *% by weight 

calculated as reduced to CaO, Fe is calculated as reduced to Fe 2 ZrT'i 2^ !f ***** to A ^ Ca is 
as reduced to TiQ 2 . Sr is calculated as reduced to SrO Mq is calcufated a in . f 7/?°^ '° Zf ° 2 ' Ti is calculaled 
to Bi 2 0 3 , Ni is ca.cu.ated as reduced to NiO, Sn is -S^^^^^tTo^ " Mte * 83 reduced 
and Mn is calculated as reduced to MnO These corncob ™ I . ^ P ' S calculated as reduced to P 2 O s , 
some cases, they may be ^o^^'^^^^J^^ ** & ^ " PUrp ° S6S 
(or the below-described clay minerals which are added Sng pepaSon oflT.T^ ^ raw materials 

m a melting step. Both Fe (II) ions (for example FeO) and Fe ?m Z JT 9 f ^'^ °' r8fractory material ^ 
for materia, of ,he glaze. ,n ,he present invent on ^amount TfTcTJ TT' ^ be US9d 35 Fe sourc <* 

[i« 

components is 3.0% by weight or .ess. ,„ the ioZ^a ZZZZ LT^ ° f ,he cati °™ 

and the auxiliary cationic components are coI.ectiveT reared to ^ , T . CaSeS " ^ Ca,i ° nic c °™P°nents 

[0021] Devitrification of the glaze is sunoJ^H ?h I I 38 Slmply catlonic components." 
other components can be 1"' ■ " °' 5% * * -< Also, 

particularly effective for lowering the softening po£<Xl2 8 9 P ° tnt ° f 0b2e - Addition of B *°3 is 

[0022] The glaze may contain substantially no Pb (excaot forth= ^ • u-u™. 

from raw materials of g.aze). If the glaze contains Pb the Pb cl » ! Pb Unavoidab, y -nlgmto., for example. 
PbO. I, Pb is contained in the glaze in the form ^11^^ , T ' ° % * Wei9ht ° f ' 9SS as reduced <° 
oxidizedintoanionhavingahigLrvalencenZ r( te^ R*>. the ion is 

occumng on the surface of the glaze layer. As a result me^to^ JlT * ' K ^ eWalitopheTO "^on 
m impaired flashover prevention. Recently, concern for envi^^f ITT" ^ *"* Can be '° Wered - resu ^9 
materia, containing no Pb has been investigated. From thTs^ ewooTnf Zl I?™ mcrea ™9- a " d ^age of 
invention is advantageous, since the glaze contain™ S^^^^^^ 9,326 USed f ° f the s P ark P |u 9 of the present 

problems arise in the glaze if the Pb content is lowered to I T* 1 1 hE 3 °, ™° COm P onent - <*" words, no 
than Pb which is present in an amount up to about? o£by tSStEl?' *"? "o Pb. other 

reducing the Pb content of glaze is thus achieved Preftabl^he Ph 7 Mabi6 ™ pUriX * The ° b i°« <* 
[0023] A spark plug according to a second mode cESt^JlV*?-* *> ^ ° f ,6SS - 
Plug according to the first mode" with regard to tS ml r^ Zn on other han'the 6 ^ 1 T ^ bo ^^ ^ 
glaze teyer contains components serving as the primary cavZ^T T S ' ayer The 9 ' a2e which ,orm s a 
components'), i.e.. Si. B, Zn. and Ba; at least one J^J^ZZZTV^ ^ M " Prma ^ Ca,ionic 
from among Na, K. and Li as an alkali metal oc^p^JS^tSTZ? , fs " * ° n6 e ' ement Selected 
as follows: Si is contained in an amount of 20-^0% by £2 as ^reduc.H , n T y com P one ^ are 

20-35% by weigh, as reduced to B 2 0 3 . Zn is contained in Z ^S^ST^L^t i h an amou ^ of 

is contained in an amount of 1 0-23% by weight as reduced to Ban ™* V 9 33 r8dUCed l ° Z(1 °' and Ba 

TiD 2 and Zr calcubted as reduced to ZrQ 2 is 2 10% by leTqh TheToi ,0ta ' a 7° Unt ° f Tl reduced to 

by weight or less, wherein Na is ca.culated as r^^^ ^T"? ^ ^ C °^^ * ^ 2% 

S^^J^^S t rtT^r ,0 Si ° 2 ^ ,ir6t — - - ~ with at least 
S^th^^r r s^ - — - be combined with at 
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Fourth aspect : WTi/WZr is 0.2-10, wherein WZr represents 7r , 

content as reduced to TiQ 2 (the tourth aspect may be co mb ne d wTh Iup^ ^ ^ ^ ^ r8preSen,S Ti 

and the third aspect). Ined Wl,h at 'east one of the first aspect, the second aspect, 

[0025] Next, the action and effects of the second mnrto ih« 
therespectiveactionsandeffectso.,^^ 

as the main portion of the spark plug of the second modet the dIp' r aSPeC,S ' ^ 9,326 ' ayer servin 9 

and Zr in a total amount of 2-10% by weight as reduced to ft! > ?™ " Charac,eri2ed by comprising Tt 
metal components is .imited to 1 2% by weight or le^u^ (^^!^ ^ ,0ta ' am ° Unt ° f the alkali 
of 20-3 5% by weight as reduced to an ox.de, B 2 Q 3 Urn tinq th e ££' 7™ \ B C ° n,en ' iS Hmi,ed to ,he ^9* 

B content within the above-mentioned ranges enab,es eSformtf °' ^ a ' kaN m6tal com Ponents and the 

fewer defects such as bubbles. V iotmaU ™ of a glaze layer having uniform thickness and 

[0026] The reason why the above-mentioned effect is obtainpH thr^. * „ • 

components and the B content is conceivable as follows ^SoSS TT" " ^ 0< the alkali me,al 

•nvention, i, the gteze powder has a great amount of the aEJ meSoolt mrthod °' ,he presen < 

powder ,s processed into glaze slurry, these components a e eTuted ^T f 9 COn,ent ' Whe " the 9 ,aze 
■ncreased viscosity of the slurry. If the viscosity of ft* slurry il V ^ ^ aS Wa,er ' result »"9 in 

umform glaze-powder-coated layers become dLu.t to eSS, anSS? ^ ^ ° Ver 1 000 mp a*s). 

« the..ayers. However, through selection of the *o£E^2^T "* " toly X ° bS SUS P ended 

and the B content, glaze s.urry having low viscosity and^S^T™ T* °' the - a,ka " m6tal c °^P°nents 

having uniform thickness and fewer defects is easL obtained ^ As 8 resuit ' a ^ 'ayer 

[0027] Reduction of the amount of the alkali mot^j^™ 
point i. e ., an increase in the ^gt^ 

the softemng point, conventionaMy a large amount of PbO fadded to ala 2 f r I "V*** '° SUPPress increas * 
mode, .nstead of PbO, the oxides of Ti and Zr are added TolteS a ? ' " * e a °°ve^escribed second 

specifically, to 0.1% by weight or less as reduced to Pbo whTe t * ' Pb C ° ntent * reduced remarkably; 
suppressed. Preferabiy, the giaze contains s^Xan^ynopTlToZl7L m *° flf" ^ P ° int ° f the » 
from raw materials of the glaze. 1 exce P ,ln 9 the case in which Pb migrates, for example. 

[0028] If an insulator to be coated with the alaze is | n ,m 0 ^. i 

tween the coefficient of linear expansion of th^'aSK o t^nslt^ T^ 9 the ^ be- 

becomes less susceptible to cracks and the lite. Also ^^^^ " ""J""* ^ so that the layer 
conventional lead-silicate-glass-based glaze, the glost-firino t,™ . 3 softenin 9 P° int 'ower than that of the 
fore even in the case where glost firing's pJ^c^^S^ T* ^ 88 80 °- 950 ° C The - 
e ectrode and the below-described terminal metal fiJ^^^!^™^ 38 mentbned abovs - the center 
of the alkali metal components is reduced, the glaze lav! nrovilf P n ox,dl ^'°n. Further, since the amount 
excellent flashover prevention), Moreover, the bSS^^^I^T 7 mM ° n P^nce (which leads to 
resistance of the obtained glaze layer. For example, even « fte & ,mproves wa,ef resistance or chemical 

layer, elution of the components is suppressed resulting in!nn ! components are contained in the glaze 

componenthasamoresigni^^ 
In the present invention, the expression 'excellent ^ 

o the formed glaze layer are difficult to elute into wato b 7Z to theT 0386 in Which components 
stand in water for a long time in the form of aqueous slurrv tcreJ* *" WhlCh • Whe " 9 ' aze f rit is all °wed to 

components is impaired. . q S ' Urry " ,ncreas e n v.scosity of the slurry due to elution of its 

[0029] In the second mode, if the total amount of the alkali metal ™~ . 

cannot be attained the remarkable effects cha^rtettelSh^^ ''.l" "f*" ° f 12% ^ Wei 9^. there 

slurry anduniform thickness andfewer defects of the obtained ^ 9laze 
.n an amount over the range provides adverse affects in terms ^^f securfnn^ ! °" °' the a ' kaH me,al components 
he other hand, since increase of the softening point is sup^sseSounn ITT Per,0nTiance °' *e gbze. On 
layer, the amount of the alkali metal components can S2?t!T i ° f ° Xid6S ° f T * and Zr to the fllaze 

no alkali meta, components, except for alkali m^X^^IT 1 ^ 9 ' 3Ze C ° ntainS subs tanti a Hy 
example, reducing the amount to less than 6% by weight Z Srahiv T "l?!**'^ U ° m raw ma terials. For 

effect of improving the insulation performance. I tht^aCSfJ^?", T" 3 ^' ^ 3 ™° 
order to obtain a proper glost-firing point, adequate fluidty oTthe mZn ! It * 3 C6r1ain amou "t in 

alkah metal components is more effective in terms of imp ovement Z °,h * ^ *** ^ Mi °" ° f ,wo or ™° 
"rst mode. 01 ,m P rove ment of the insulation performance, as in the case of the 

[0030] If the total amount of Ti and Zr is less than 27 bv w • 

suppressing increase in the softening point of the qiaze ber™ aS ff redUCed '° tne res Pective oxides, the effect of 
firing a. the desired temperature. By'contras HttoS^ZZZ ™ Un,C ™ tM can * a failure to attain glos 
layer disadvantageous, becomes susceptible to 
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amounts, the softening point of the glaze is lowered thrn.mh *„ r 

oxides. However, since each of ,he oxides o, TaZ 2r fe Sbs ZZT^ * ° Xide W ' h ° ther 

of the oxides is in excess of 10% by weigh, the soften no ooint o, h " , ^.^'^-P 0 ^ ^ » the total amount 
a failure to attain g ,ost firing a, the desired "e^r^eX ,Se°Sl I lnc "» M * ^ ™ lead lo 

reduced to the respective oxides. rreterably, the total amount of T. and Zr is 3-8% by weight as 

[0031] Since Zr increases the viscosity of ihe moltfin nia 7Q o ,■ u., 

is 3.4% by weight or less, preferably 3.0°/. ^ we^h to £ ^ ''h " To" eX ' enl ,han d ° 9S 71 ,he Zr cont -t 
in order to increase the fluidity of molten gSl^Et ?° 2 ' f in thG C3Se °< ,he sec °"d aspect. 
[0032] On the other hand, since Ti does not increase Z si oft emoT 7 a ™™*™- 
T. content is set to 1 .5% by weight or more as reduced to TO, aXVt ^T^l* M ** * d ° es ' the 
geous. y form a gbze layer having more excellent wate res.lfance o r rh ? ^ 8SPeCt - t0 thereb y advanta " 
[0033] When Ti is added in an excessive amount the <SSS of * ^ ° '^k^ 6 - 

low. In this case, if the insulator to be coated with the ZSSl^ eXPanS '° n ° f *"* ' ay8r is ^^sive.y 
the difference between the coefficient of linear exP^^ 

as craz lng ,n the glaze layer. Therefore, Ti and Z^are prefe ablv 1^1°. f ? 9b2e C3n indUCe de,ects su <* 
and to increase the fluidity of the molten glaze so as to oSa u^ZT ^ ° rd6r 10 pr6V6nt the defec <* 
wel, as exce.lent water resistance or chemical resistance Seclfica TLTZ ^ *™ 9 eXCM as 
0.2-10. wherein WZr represents Zr content as reduced to ZrO S it ' ^ toUrth 3Spect ' WTl/WZr is 

WTi/WZr is less than 0.2. the re.a.ive Ti content tends to bel S^STJ uchT," ^IT " l ° T '°* lf 

of .ncreasmg water resistance or chemical resistance the ^ content ml, k ^ ^ ,0,U "y ° b,ain a " ^ect 
the molten glaze is increased in some cases, resulting nlmpaTed a ' "T*™* ^ 3 reSU ' 1 ' ,he viscosit V °< 

WZr is in excess of 10. the Zr content must be increased nTde to fuTy o^an e « fr ^ * V " ™ 

or chem.cal resistance. As a result, the coefficient of linear exolnsln , ,k , °' ,ncreasin 9 water resistance 

that the g.aze layer becomes susceptible to crazing an T P re ^L h ? beC ° meS exces -ve.y low. so 

[0034] In the above-described second mode the amounl o !t ^ te °' 5 " 7 - 

reduced to SiC 2 . When the ^su.ator to be coa^d 1^^! istofmed f T ^ " *° 2CM0% * ^ as 
S. content is less than 20% by weight, the coefficient JfcS exolZ, / ,k materia| . « the 

that the g,aze layer becomes susceptible to defects su 2 J* C Z B v '° T* t 9 'T beC ° m6S exc °^vel y high, so 
40% by weight, the coefficient of linear expansion of the glaze become 1 *\ ^ ,h6 Si COn,en, is hi 9 h ^ than 
susceptible to defects such as crazing. Also, if the Si oo5«?£S^S SET*, ' ^ ^ 9 ' a2e layer beco ™ s 
defects such as crazing are suppressed in the glaze byT^^T " *" CB " ° f the ,irst as P ect - 

by weight as reduced to SiO a . Preferably, the Si content is set within the range of 25-35% 

[0035] In the second mode, the B content is 20-35% by weight If the R m nto , ■ , 

softening point of the glaze is increased, resulting in a failure to attain al£f% IT !? 6SS th3n 20% by wei 9 ht - the 
as described above). By contrast, if the B content is higne? han h ? m 9 u 1 ^ d6Sired tem P erat "re (800-950'C 
eff ects characteristic to the second mode, such as imS^^ 

defects of the obtained glaze layer. Further, there can resuTadJe se ?JtZ2? ? ^ *" W9om thickness and ,ew ^ 
glaze layer becomes more susceptible to phase splitthg ,211 i"oS TT^ 38 f °"° WS: ,he ob,ai "^ 
glaze layer is lowered; and a large difference is provided bXeen the 22^"?^ P erforma ^e of the 

and that of the material to be coated with the glaze Prt^B^ ^ 6XpanSi ° n ° f the 9 ,aze la V^ 

[0036] , n order to enhance the effect of &p^7^i£i^J!^^"^^^^a*»V.^ 
reduced to oxides) of Band the alkali metal component ^^reflbv w T Z *T ,0ta ' 3m ° Unt ^"'ated as 
or less. Also, in order to suppress excessive increase o hTglos^ina H T ^ erab ^ ^ weight 

reduced to the respective oxides, of the alkali metal component ■ T> *5h % ^ T' ^ ^ amoun « (calculated as 
[0037] in the second mode, the Zn content is set wZ the ran Q e ^ot ■ s f« J * 8% by Wei9W ° f ™ re - 
content is less than 1 5% by weight, the softening point of Z oZ lll J^l V ^ X ° Zna lf the z " 

to attain glost firing at the desired temperature. By contras ,| thlTn cln,.nt h TT™* ^ ^ ' e3d ,0 a tailure 
of linear expansion o, the glaze becomes excesslely hTgh J^^^?*™ ^ ^ coefficient 
such as cracks. The Zn content is preferably set wL^ ^ he CS ^ SUSCeP " ble t0de,eC,S 

weight. ,dn 9 e OT 1 5-20 A by weight, more preferably 1 7-20% by 

[0038] In the second mode, the Ba content is set within the ranoe of 1 n K • u 

content is less than 1 0% by weight, the insulatbn performance C f 1 otl i \ rBdUMd l ° ^ lf the Ba 

flashover prevention. By contrast, the Ba content is ^ * 

increases, which can lead to failure to attain glost firino at thl nl t I I T 9 ' ,he softenin 9 point of the glaze 
content is set within the range of 12-18% by weight ^scribed desired temperature. Preferab.y. the Ba 

|oTL~ a at^ 
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spectroscopy). For example, if characteristic X-rays are mlasu^edt «S* TT^ ° f * ?S (X '^ P^oelectron 
method and the. energy dispersive X-ray method can be u Sed i ernarive^ L ^ 

chemical analysis or gas analysis conducted on a glaze layer DeeT P H com P°s"'°n can be identified through 

[0041] The spark p,ug having the ^^^^^t^lT^ 

shapedtermma. metal piece portion. The terminal metarpieD^rtto SS ,0 * he t present invention Eludes a rod- 
such that it is integrated with a center electrode so as to f 0rm ° s^o IT * e throu 9 h - h °'e°f an insulator 
with a conductive bonding layer disposed therebetween InThis mot T °7 U ° m the center elac "°de 
500 C. an electric current is caused to flow between Te te mina" met'a I ni " °' Spark P ' U9 is ™intained at 
insulator disposed therebetween, to thereby measure the Sfnc ?TJ ? " ^ thQ me,a " ic she " wi,n the 

voltage power supp.y (, or example, a power su PP .y provk ^ ? 8 ™ Z ^' P'^.^ « connected to a DCconstant- 
curren. ,s caused ,o flow through the spark plug 100 wWle"hV S ame S Li , ° ^ 1 ' S 9r ° Unded An e,ec "c 
For example „ lhc case where an applied electric curnZn^mtTui^ r * ^ * 3 hea,,n 9 ,uma ^ 
current i,^ Rm), an insulating resjs , ance ™ £ mea^t^" 89 ^ a re » 8 ^'^nieasuring an electric 
wherein VS ,s current-carrying voltage (in FIG 8 the aoo.ied ^ 7 represented b V an equation: (VS/lm) - R m 
different., ampll) . cr which amp|ifies L t mJ'^S^^ll Unm !l ""J 8 m<3aSUred 38 « °"P"> '-m a 
measumg f ,n cloctrc current). " vol,a 9 es measured at the opposite ends of the resistor for 

r^::: r ^ ™ :z tz^!s™2r~" containin9 ai in - — - — 

x 10-7/-C to 85 x 10-7,-c as measured within the temper* t ™ Q e from 3? TT*"* " ^ eXp3nsi ° n of 50 
expansion ..Ms below the lower limit, the spark plug b Z l, f 5 °° C " ,he coe «™nt of linear 

the coe ,c,on, o, ..near expansion is above the upper lir^ the spark Dl L h SUCh as cra ™9- By contrast, if 

cracks. Mo-o preferably, the coefficient of linear expansion is 60 ^St^r^T^ 8 ^ 18 ,0 de,eCtS SUch as 
[0044] The cooff .cent of linear expansion of the oL« ZL k * I ° X 1 0/0 

Mate*, arc m,xod so as to obtain^ ccZ<^^ " *• manner, 

so as to obtain v.treous glaze bulk; a sample is cut iron Uh bu k and tZ « 6 9 ' a2e; ,he mixture is melt *d 
measured by a known method using a dilatometer or ^Z^^J^T^T °' 6XPanSi ° n * ,he Sam P |e is 

step, and a glost-firing step. 9,326 pOWder Preparation step, a glaze powder accumulation 

B. Zn. and Baascationic compo- 

such that the mixture contains Si in an amount of 18 S ' h >' (p °" added a ' kaN me,al components) 
weight as reduced to B^. 2n in an amount of 1 "m*St?£ T"? '° ^ * " amOUnt of 25 40< *> »V 
weigh, as reduced to BaO, and each of the co-added at^ mScomL f * ^ 88 h 30 am0Unt * 7-20% by 
Na is reduced to Na 2 0. K is reducedto K 2 Q. and Li is redulLto L O IT " ™ am ° Unt 0f 3 " 9% b V weight when 
raptdly cooling and vindicating the molten materia,; crushing the vi5^ 9 ^T*^^ ml ^ ,i,1000 - 1 5a>-c : 
powder from the frit. bn,ng ,ne virtnficated material into frit; and preparing glaze 

[0047] The glaze powder accumulation step includes annivinm^ , 

to form a glaze-powder-accumulated layer. PP V 9 the 9,326 P ° Wder on lhe of an insulator so as 

[0048] The glost-firing step includes firing the insulator at 800-950-C *n th a , ,k , 

baked and f.xed on the surface of the insulator S ° ^ ,he 9'aze-powder-accumulated layer is 

[0049] The spark plug of the second mode is manufactured throunh a * 

-nvention. The second manufacturing method MudJ^*^ ^ ^"0 method of the present 

step, and a glost-firing step. 9 ' 3Ze pOWder Preparation step, a glaze powder accumulation 

[0050] The glaze powder preparation step includes mixinc, source < 

components and source powders for at .east one element IZZ i^T^r h °y ^ 53 38 P ™ ar V ca,ioni ^ 
Si ,n an amount of 20-40% by weight as reduced to SiO E it !„ » ? ? ^ 2 " SUCh ,hat '^mixture contains 
Zn in an amount of 15 - 25% by weight as reduced I ^ ^3^,°^^^ ^ «° B 2 C 3 . 


in an amount of 10-23% by weight as reduced to BaO, 


10 


15 


20 [0055] 
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and Ti and/or Zr in a total amount of 2-10% by weiaht a* i-pH,.^ t~ -r^ ^ 

a. 1 000-1 500-C; rapidly coding and virtr icaZ te morte ZJ , 2 " , ^ he3,in9 and mel,in 9 the mbrtur a 
preparing glaze powder from the frit m8t8nal: CrUSh ' ng the vi ^i'icated material into frit: and 

ss p^rc r a so r powder ** a -p-nt, . 

powders of hydroxides, carbonates, ch^ndej su f a es S5£ fa nZoZ* t 8 ^ ° f in ° f9aniC mate " al 
oxides (including compound oxides) of the component' Thlt i„ ph ° Sphates of the component, in addition to the 
be converted to oxides through hJhQ^^^^^^r 81 P ° Wders must be those which can 
onto the surface of a cooling "oil so as to !^Z^T7^ * * e molten material 

method of immersing the molten materiahn waler " ma,ena ' h the form °* flakes - in Edition to a 

« - 9*. s,ur, , n this case, 

glaze-powder-accumulated layer. As a method of aooLin^h J ? 3 9,829 S ' Ufry C ° a,ina can be ,orme d as a 

be used a method o, spraying'the g,az ^X^^^*"". ° n f th£ ; surtace ° f ^ insu,a,or ' -ay 

include those containing a.uminosi.icate t^^i^'^^ T EXa T p,M * USab,e cla V -'—Is 
main components, at least one of alloohene imoaolfJ hi c °™Ponents, such as a clay mineral containing, as the 
vermiculite, do.cmite. and the li^ as 1 T^^^Z^'IT 1 ^ 

tained. there may be used a clay mineral J^^^^ T °' ° xide — Ponents con- 

Na 2 0. K 2 0, and the like in addition to Si0 2 and AI 2 Q c <™P°nents. at least one of Fe 2 0 3 , Ti0 2 , CaO. MgO. 

- termina, meta. piece, the center e,ec- 
ho«e is axialty formed through the in s u lator The terrrt nal m^tel n i eca'i t fiv ^ T ^ » The 
center electrode is fixed a. the other end of the Ih^^e^e^^ h °? ° f Xhf0 ^^ -"d the 
a mixture of glass and conductive material, and is ^Z^^^^^T TlT' ^ * fr0m 
p.ece and the center electrode so as to electrically connect IhefJ^m ,hrOU , 9h ; ho,e and be,wee n the lerminal metal 
[0057] ThesparMugismanufacturedbyameS^ 

conductive raw powder containing mainhf^tSto^Sl^r T °' Xh ™^<*°- * sintered 
termina. metal piece and the cente'r e.ectrode S "h ^ * ^ be,Ween the 

• Glost-firing step: The following two procedures aSLnwiri £ „ V? ,0rm 3 P owder -charged layer, 
accumulated layer formed on*, surtax forth t Z^^ZT^^T^ k? 9 9 ^™«*<- 
on^aceoftheinsulatouothe 

thereby establish a sintered conductive rrSSS^^ and ,he ,erminal ™< a « Piece, to 


25 


30 


35 


50 


55 


e.ectrode or the terminal metal piece is BB^^toTS^^ ^ I ° f ^ lh, «« w »'» the center 
a glass sea, step. The presentmethod ^^^^^^^ t°TT "» ^ ^ 
same time. Also, since the above-described fl ta ™ " Z oSl 6R an f 9lOSt - f,rin 9 5te P ar « Performed at the 
800-950'C. As a result.defective products stern^ " 9 "^o^iifS ^T^ 6 Can be mad « «• <°w as 

gsr. n T m prod r - r u,,ins in increased p^-v^o;ri:r P : er e,ec,rode and the ^ <°~* 

and the termina, meta. piece are easily oxSed B y co T as T i 171'° ^ Or . mon » S ° that ,he center ^-o* 
temperature must be set to as low as 800-C or .ess" ' S *T ^ 6 °°° C - ,he 9'o S t-firio 9 

the sintered conductive materia, portion in order to obtain ^^2^^^^ 
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finished spark plug is used over a long period of time at ralatk/oiv hi„h , 

conducive materia, portion becomes easily altered I ^case ^ 9 ' aSS in the sintered 

a resistor, perlormance characteristics such as service We m d9r ^ T COndUctive ma,e ^' Portion contains 
[0060] The softening point 0 , , he g | a2e is measu^ asZws T ? IT" 9 * 

a bulk of vitreous glaze; the bulk is Luced ^wJ& ^^T™?* T ^ M S ° 35 10 obtai " 
subjected to differential thermal analysis with reheating and he suhf T °' ab ° Ut 1 °- 10 °^ m; the Prides are 
state-changing point in an endotherma. reaction (the second peak n end !h ^ ^ ^ ^ PMk re P res —9 a 
tening point. The softening point of the glaze layer U>Z^^^?r? "T?^ iS 35 the sof " 

pomt obtained in the following manner: the amounts ofTh ca , ionic coZlnl T dedUC6d ,r ° m 3 so,,enin 9 

contained in the glaze layer are measured; a composi ion as Z l^f T ^ auxiliar V ^.ionic components 
raw materials of oxides of the respective e ement are mixeo an ^ H ' S Ca ' CUla,ed based on ,he amounts; 
identical with the obtained composition; the mixture Ts TaoSv c^T & ° * ° btah 3 com P° sit ™ substantially 
softening point of the vitreous sample is measured * S ° 35 '° ° bM 3 Vi,reous sam P'*: and the 

[0061] The insulator on which the glaze laver is formed k < 

which contains Na in an amount of 0.07-0.5% by weTqht f 1^? alumina - based insulating material 

otherwise specified. »Na content" refers to the amoun o ^contained S ? h T ^ ,0 "° Win9 deSCri P tion ' unless 
[0062] Various other objects, features and many of to SLSl art, i T '° ^ 

appreciated as the same becomes better understood by re Senc n i prSSent inVen,ion wi " be readi 'V 
embodiments when considered h connection with ^ -^^9^0^^? ° f ^ 

FIG. 2A is a partial cross-sectional view showing a main nnni™ ~< .k 

FIG. 2B is an enlarged cross-sectional view showingThTspark P ' U9 °' 1; 

rgs 3 :/ v :r° wina the appearanc ° * - ^^JS^^ to ^ hta ^^ 

RGS. AA and 4B are v,ews showing two embodiments of the insufaTor 

FIG. 5 is a v.ew showing another embodiment of the spark aZ of ,l 

FIGS. 6A is a top view showing the spark discharq loo« l ll 

FIGS. 68 is a top view showing a -Ja^X^rTZ^ ^ " RG 5 ' 

FIG. 7 is a view showing yet another ^niJ^^^^T ^ " S ^ °< ™- *• 

FIG. 8 is an explanatory sketch showing a method of IT ^ ° Pr6Sent inVention; 

FIG. 9 is an explanatory^ sketch showing a r^,£ZS2 °' Sp3rk 

FIG. 1 0 is an explanatory sketch showing a step of forminn * ni=« 

FIGS. 11 A - 11 D show the glass sealing steps- and 9 ** " ^ COa, ' n9: 

FIGS. 12A and 12B show the steps subsequent ,0 the steps shown in FIGS. 11 A - 11D. 

[0063, Modes of the present invention wil, next be described with reference ,0 embodiments shown in drawings. 
. Embodiment 1 

[0064] FIGS. 1 and 2 show an embodiment of a SDark r>i..„ ^ ^ 

spark plug 100 comprises a cylindrical metallic shell 1 an hsu.atorf 7r 1° ^ m *° ° f ,he present invention - * 
The insulator 2 is fitted into the metallic shell 1 such tnS a t!p oortion % Z ^ 3 gr ° Und electrode 4 - 

shall 1. The center electrode 3 is disposed inside the nsulato^ SU c h ,hl, 2 Pf °^ U<m the metalli ^ 

f P end of the center electrode 3 projects from the JZo^OneZTi I*** d " Cha, « 8 P ° rtton 31 '° rmed at the 
metalhc shell 1 through welding or a like technique, wh£°he oTher Tn IT 4 iS COnnected 10 *° 

as to face the tip end of the center electrode 3 A sparl^ n ^ P ^ thS 9r ° Und e,eCtrode 4 is ™^ «> 
formed on the ground electrode 4. A spark discharge ^ZS^ ^ ^ diSCh3r9e P ° n ™ 31 is 
32 which face each other. 9 9 P 9 t0rmed betw een the spark discharge portions 31 and 

[0065] The metallic shell 1 is formed into a cylindrical sha™ fr™, 

metallic she,, 1 serves as a housing o, the spark plu j ioo AtVZXn vT 7 T ^ ^ ^ CyMndricaI 
block .s formed on the outer circumferential surface of the cv. ndri ca ? ? V f *° 30 unil,us,ra ^d engine 

gagemen. portion having a hexagonal lateral cross-section 2 e l ''f e " 1 ' Numera ' ' e denotes a l ^' -n- 
[0066] A through hole 6 is axially formed in the insuttor 2 l"?* 9 *™" ^ 3 Spamer ° r 3 Wrench - 
hole 6 and is fixedly located at the tail-side enc ^iSTS^l IT Tl PiSC8 13 " inSert6d into ,he 
hole 6 and is fixedly .ocated at the tip-side end th.^^^* ^ e ' eC,r ° de 3 * in, ° the 

terminal metal piece 13 and the center electrode 3 The ^os^?^ 1 ' 3 r6S ' S, ° r 15 iS diSp ° Sed between *e 
,e center electrode 3 and the terminal meta, piece 13 vi^" 
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resistor 1 5 and the conductive glass seal lavers 1 fi and 1 1 

15 is made of a resistor composition prepared by heatinq andol^in c ° nduc ^ material portion. The resistor 

a mixture comprising glass powder L l^XsZt^Z^LT^ & ^ sea.ing step. 

There may be employed an alternative structure i TwnS ,^^? ramC ^ r ^ r,to 8^ ~ needed), 
and the center e.ectrode 3 are integrated via a *^^^L n^'"^ ^ ^ termmal metal > iece 13 
[0067] The insulator 2 has a through hole which axLSJ ex,^ I 56 ay6r 

e.ectrode 3. The entire insulator 2 is formed center 

[0068] Specific examples of the components other than Al include: 

Si component: 1 .50-5.00% by weight as reduced to Sid,- 
Ca component: 1 .20-4.00% by weight as reduced to CaO- 
Mg component: 0.05-0.17% by weight as reduced to Mqo' 
Ba component: 0.15-0.50% by weighl as reduced to BaO- and 
B component: 0.15-0.50% by weight as reduced to B^.' 

end portion of the center electrode 3 (as viewed in Fl G i ) is taken , COnt6Xt ' ,he Mon t0Ward ,he «P 

portion 2b which is formed on the rear side of the projecting oortion Z °? ^ ^ ' M ° f 2 also has a b ° d V 
axis portion 2i, which are formed in front of the p£E pSbn 2e ^ " " ^ 2g and a sec °"d 

side. The body portion 2b has a diameter smaller than h at of Te oLiec, T T? ^ ^ X ° ,he rear 
diameter smaller than that of the projecting portion 2e The second Z T 7 ^ ^ 8Xis P ortion 2 9 has a 
the firs, axis portion 2g. A corrugated portion 2c is formed 0 ZtcuXl .7 ? T 3 dlam6ter Sma " er ,han that °< 
body P ort,on 2b. The first axis portion 2g has a substantial cv hdri^i m ° f th6 f6ar end P ortion °< the 

2, has a substantially conica. circumferential surface X TnZl The second axis portion 

[0070] The area of the lateral cross-section of the cent- I decreases toward the tip end. 

The through hole 6 formed in the insulator 2 ^ITa llS^ "vT* ^ ^ ^ ° f ,he resistor ^ 
cylindrical second portion 6b. The center electrode 3 " ^s«STZ^T? "« * «*>«««™* 

ocated on the tail side (on the upper side in FIG. 1) of he f^DoZ «T 1 ^ ^ ^ S6C ° nd P ° rtion 6b •» 
firs, portion 6a. As shown in FIG. 1 . the terminal mete I p^Tl? d t S T *™ ,han that of *e 

second portion 6b, and the center electrode 3 is inserted I hrauoh tZ f ! ' 15 accom ™ d ated within the 
forcing the center electrode 3 is projected outward from the ^SrZSS^T! ^ * drCUmferential P«**«on 3c 
The f,rst port,on 6a and the second portion 6b of the through Se i ™7 ferent a ' surtace of ^ tail end portion thereof. 
pc.rt.on 2g of FIG. 4A. At this connection position a proiectbn TJ^Z ^ ° ther Within ,he first axis 

the center e.ectrode 3 is provided between the fl* ££££ an lZ s !T, 7 ^ '^"V ^ pr ° jection 3a °< 
projection reception surface 6c assumes the form of a tapered surface Qr « P °J °' ,h6 thr ° U9h hole 6 - The 

[0071] A connection portion 2h between the first axis P orffo n 2q Ind^L SUr,ace ' 

cumferen„al surface. An inwardly projecting portion 1c is formed on Z i 7 3X18 POrti ° n 2i has a ste PP ed cir ' 

as an engagement portfon of the metallic she'll 1 . The s epped Src^SnTJ,. * me,a " iC She " 1 " and SefVes 
portion 1c via a ring-shaped plate packing 63, to 1her rt Jp^ a ^^~; a f 9n ° a ? 86 the '"^ »***«ng 
between the inner surface of the rear opening portion of the me alfc ihS i ° , ? mg P3Ckin9 62 is dis P° sed 
The wire ring packing 62 Engages the rear P^^^^S^l ^ 8Urface ° f ,he inSula,or 2 " 

60 is disposed in the rear of the wire ring packing ^TJtoTmt^^^ T 1 **" 9 POr,bn 2e A wire rin 9 packing 
The insuiator 2 is inserted info ,he meSSc she? 7 ul <Z rZ r'ooeninn V™" ^ such as ta ' " 

and fte meta.Hc shell 1 are held in this state, the o p6 7nae^e 0 ZTZT ^ Whi ' e ,he insu,ator 2 

packing 60, to thereby form a caulking portion 1d ^S^^TTu ^ 1 iS inWard,y CaU,ked a 9 ainst *e 
[0072] FIGS. 4A and 4B show two embodiments o the in ^.1^2 ^^ n inSU,a, ° r * 

portions of the embodiments: 'nsuiato. 2. The following are exemplary dimensions of the 

Overall length L1: 30-75 mm 

pS^ P ^l^ a ~ 2, for connection w,th the 

Length L3 of the second axis portion 2i: 2-27 mm connection with the second axis portion 2i) 

Outer diameter D1 of the body portion 2b: 9-1 3 mm 
Outer diameter D2 of the projecting portion 2e- 11-16 mm 
Outer diameter D3 of the first axis portion 2g- 5-1 1 mm 


EP 0 959 542 A1 


end surface is curved o, ^S^LC" * Pe " Ph '"" — « - — «P 

or chartered wb , as vtew . d in lhe cto^^^™'" " ™« * »» loo, position of Ihe curved 
n„.r diamete, D6 o, second ponion 6b o, the Zuc^ ofe 6 26 nT*" ^ "~ ? 
nn.r dramele, D7 of the first portion 6a of the ih.ouoh tSe B i , « 
Wall thickness 1 , oi the first axis portion 2s 0 5 -« mm '" a5 ™ 

«tf th.ckn.ss as measured a, ,h. loot portion ol the curvlS "chaml. Id nT " Cham " ,ea ' 13 "» 
including the center axis O): 0.2-3 mm chamfered porta, as viewed in lhe cross-section 

Average wa„ thickness ,„ ,„ 2 1 13)/2) o1 lf , e second a „ |s ^ ... Q ^ ^ ^ 

[0075] in the insulator 2 shown in FIG. 4B eth oHhe Lt •"^ 2 = 14 13 = 0 9 ™- «A = 1.15 mm 
slightly larger outer diameter a S compared withTa as h^ R G T p° 29 ^ a * is ^ sThas a 

of the .nsula.or 2 may be as follows: L1 = about 60 mm T-a^n^^T 6 ' dimens ™* of the portions 
= about 1 3 mm, D3 = about 9.2 mm, D4 = about 6 9 ™ D5~ ^ , 2 ? ' U = ab ° Ut 1 4 mm - D1 = a bout 11 mm D2 

I™ 3 r- 12 = 2 1 mm ' ,3 = 12 ™. tA = 1 ■« ™ = mm - 06 = about 39 mm - 07 = about 27 ™ 

L0076] Next, as shown in FIG. 3, a qlaze laver i c ^ 

circumferential surface of the body portion 2b iLidlnJth^™^ o * -P**** the outer 

of the first ax.s portion 2g. The formed glaze layer 2d ha a S T T lh ° outer c ™f erential surface 

-n FIG. 1 the glaze layer 2d formed on'the b^££i^£ b a ^hT' 20 - 50 As ^ 

direction ms.de the metallic shell 1 . whereas the rear portion of t h » ! V ? predetermined length, in the axially front 

rari^— 

an amount of 10-25% by weight as reduced to ZnO and Ba inTn f ^ by WeiQht as reduced to B,0 3 Zn in 
™ M a, te ,i™ al _^ 

7-20% by we igh t as reduced to BaO, Na in an amount of 3-9% bv wlh, ? h ^ l ° Zn °" Ba in an a ™nt of 
3-9% by we.ght as reduced to K 2 D. The total amount of Si B Zn IZf^lTr,^ !° ^ a " d K in an amo "nt of 
to respects oxides is 95% by weight or more. The glaze conials^fhlTn a ' ka " me,a ' com P°™™ as reduced 
amount o, Pb is 1 .0% by weight or less as reduced to'S Funhe TT^ "° ^ " *" ^ CMs Pb ' the 
pone nts , one or more e|emen , s se|ected f ^ ^ "Tz 'Tsf T 7*?*™"- 38 aUXi,iar V calio ™ co m - 

of he auxHiary cationic components is 5% by weight or es S orov^ Jh ,h ' ' Sn ' P> and Mn ' The ,otal amount 

ca.cute.ed as reduced to CaO, Fe is calculated as Luced'o Fe O z" "1 as red "-d to Afe0 3 , Ca is 

asreducedtoTiO,, Sr is calculated as reduced toSrO S ^^ M ^^ to ^^ to «*""«ed 
«o B, 0 3 , Ni is calculated as reduced to NiO. Sn is c^S^S^t "ST*? M9 °' Bi ' S Ca ' CUlated as educed 
and Mn IS - calculated as reduced to MnO. ° ed l ° Sn °2' P is calculated as reduced 1o P O 

[0079] The body portion 3a of the center electrode 3 a nH,K„„ , 2 5 ' 

of Ni afcy or a like a..oy. A core materia, 3b U^J^^^^T 9— d electrode 4 are formed 

3a of the center electrode 3. The spark discharge portL 31 and^he n TT^ '* " the bod V Portion 

Charge po.ion 31 are formed predominantly o, a 'noble 
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lected from among I r, Pt, and Rh 
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lected from among. Ir, Pt, and Rh. As shown in FIG ?R th„ „■ „ 

portion whose diameter decreases toward the flat tio 8 nri 1 ? °' thS C6n,er eleclr °de 3 has a tip end 

surface of the center electrode 3. The dilhapfd ^TZT^l^T ^ " ° n ^ * ^ 

forming the above-mentioned spark discharge portions Subseo,!,^ V m 9 ^ Same com P° siti ™ as the alloy 
between the chip and the tip end portion through laser we kdin g elect ron beanT^ ^ a '° n9 ,hS b ° Undary 
we| dl ng method, thereby fixedly attaching the chip onto the tend ooZ I h7 I We ' ding - or a like 

Likewise, a chip is placed on the ground electrode a oo^on and *°"™3 the spark discharge portion 3! . 
thereafter, the weld zone W is formed along the t^^ iS^^^ * ^ ^ diSChar 9 e P° rtion 31 ; 
the chip fixedly onto the ground electrode 4 to ^rebX^Tso J^ J™"* el8Ctrode 4 S ° 35 ,0 attach 
from a molten material which is obtained through mfx Z anc i Zit * P ^ ^ ChipS may be formed 
mentnned composition. Alternatively, the chips are formed of a JSlf" ° y Cp 7° K nent s so •» to attain the above- 
sintering an alloy powder or a mixture of powdery elemZa. It? h ^ ° bta ' ned thfOU9h c <™P a cting and 
ture, at least one of the spark discharge portion Tn h s a k Th ln this ^ 

portion 31 may be omitted. 6 Spark dlsc "arge portion 32 facing the spark discharge 

[0080] Theabove-describedsparkpluqlOOismannfar-f,.^ ( 

2 is manufactured as follows. Raw p 0 wder S 2^ aZ? 8 ' method - the insulator 

Ba and B components, are mixed at predetermined so Z 1^1 °' Si " Ca - M 9" 

ox,des of the elements is attained after sintering of the SSd^o^i^ < ^ nl,0ned com P osifo n in terms of 
water are added and mixed, to thereby obtain a slurry™^ o th °' 3 binder ^ a "d 

may be as follows: SiG 2 powder tor Si, CaC0 3 powder for Ca MaOool , m ° f ' eSpeCtiVe co ™P°nents 

SSSf AIS °- HaB ° 3 may be added in the form of a s5ul 9 n P ' ^ ^ *° r «*■ and H3BO3 
L0081] 'he slurry is sprayed and dried into qranules thro.. r,ho ^ • 

are formed through rubber-press molding in* tS^™ 7^ " 9 The 9 ranul « s 

schematically shows the process of rubber-press moldin^ln Fir 1 *° °" mal f ° rm ° f an insulat °' FIG. 9 

extends through the interior of the rubber mo'd 300. A lZ pu^h 302 Is^f f ° ^ 8 ™ Whbh ™^ 
portion thereof. A projecting press pin 303 is integrally fZed S the low Tono ^ 81 the '° Wer °P e ™9 

exte nds within the cav|ty 3Q1 ffom ^ surface 07^^^^" ' ** Pf6SS Pin 303 a « ial,y 

through hole 6 (FIG. 1) of the insulator 2. P ^ ThG press P ln 303 defi ™s the shape'of the 

[0082] In this state, a predetermined amount of the arani,i oe or- 

opening portion of the cavity 301 is closed with an upper ^punch SoT't^' 9 ^ ^ ^ Cavity 3° 1 - a " d the upper 
hydraulic pressure is applied from outside the drc^Kl^ *" 301 ,n this slat °. 
granu.es PG within the cavity 301 via the rubber mo£ 300 herebv oh ' ^ m °' d 300 S ° 35 ,G com P ress the 
Before the above-described press-moiding, moisture in ^SCm^T 3 ° 5 38 " ho " n in RG ' 10 " 
granules PG ,s added to the granules PG in order to faciHtate ^edul^J ?«, , o' ,h reSpeCt ,Q 100 wt % of the 
pressure. The outer surface of the compact 305 is proSsTthSS °i 9ranU ' eS PG into P articula te grains under 
305 is finished to attain an exterior shape ^SS^^S^S^ like technique so that the compact 
is fired at 1 400-1 600°C, to thereby obtain the insulator 2 ' Subse q uent, y, the compact 305 

[~"J ' nde P end ently, the glaze slurry is prepared as follows: 
[0084] Source powders tor providing Si, B Zn Ba Na anrt kr ™™ . ,< 

powder for B. ZnO powder for Zn. Ba<5o 3 powder for Sa Na CC ^ST? ( [? f eXamP ' e ' Si ° 2 P ° Wder for Si - H3BO3 
so that the mixture contains Si in an amoum of 1 ^££&E£%^ ^ ^ P ° Wder for K) are n^ixed 
weight as reduced to B 2 0 3 . Zn in an amount of 10-25% hv f S?t *<f h I 2 ' B a " amount of 25 " 40 % by 

by weight as reduced to BaO. As the co-added a.kaf meta". comoonents M ^ ^ 88 h an am ° Unt of 7 " 20 % 
as reduced to Na a O and K is added in an amount o 3 9 t by weTht h ' S " am ° Unt ° f 3 " 9% by wei S ht 

heated at 1000-1500-C for melting, and the molten mixture I ooTL L * ?V° ^ Subseauen tly, the mixture is 
vitrificated material is crushed, to thereby obtain glaze 1 To xul Zt^lT, ^ ^ C °° ,in9 and v «rif^ a tion. The 

layer after drying. a ' Urry COa,ln 9 2d • whlcr > serves as a glaze powder accumulated 

[0086] Next will be outlined assembly of the center electrode 3 ann .h Q , • , 

on which the gfcze slurry coating 2d' has been formed an* ^ JT^™™ "T ^ 13 lrt0 the insula,or 2 
layers 16 and 17. First, as shown in FIG. 11A the centerelecTroHl T ^ 15 8nd the cond ^tive glass seal 

hole 6 of the insulator 2. Subsequently, as shol in FIG B l V^T" ™° ^ ^ P ° rti ° n 6a of the through 
portion 6b. Subsequently, as shown ,n FIG. Z a P SsJ r!d 2fl l ?T H * Char9ed into ^^ond 

compression of the powder H. to thereby form a first corSc Z Sss oowdt , '"^ ? 9h h °' e 6 '° r Penary 
fortheresistorischa^ 
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subjected to preliminary compression. Thus, as shown in FIG 11D withinth 0 ,h *u , * 

powder layer 26, a resistor material powder layer 25 anc a J^'J " ,thin < he throu 9h hole 6, the first conductive glass 
this sequence from the side on which the ™„t' ^Zr,^^^ glaSS ? owder ^ 27 are layered, in 
[0087] Next, as shown in FIG 1 2A the terrntnal m l^ n i! °, ^ thS '° Wer Side) ' 

a assembly PA. ,n this state, the ent^e assembly f .nstLd nto a Turnac^ VT^ *™* ^ 6 ' to ,he ^ <°™ 
than the softening point of glass. Subsequently,^ te^ to ^C, which is higher 

the ta,l-side end opposite the center electrode 3 in order to aS n^V.S '* preS ^ ,t,ed into the thra "9h hole 6 trom 
treatment is performed. As a result, as shown in FIG 12B mi P , , ^ ^ * 5 ' 3nd 27 ' ln this wa * P™* 
provide a conductive glass seal layer 16. a resistor 15 and 1 1!^ ^ *"* com P ressed aid sintered, to 
process is hereinafter called a 'glass sealing pmcess") COnduct,ve 9 lass saa ' layer 17 (the above-described 

[0088] Since the glaze frit contained in Ihe glaze slurrv coatinn oh< hM , k u 

frit has a softening point of 600-700°C. That I 8toE^j7^t W ^ f,lid composition, the g.aze 
relatively high, the softening point is lower than thLt of TcoZZ^uTr * COm P° sition are chosen to be 
firing temperature of the glaze ,r» can be tor^ZZ^^™*™**** ^ze^ According,, the glos,- 
12B, glaze slurry coating 2tf is concurrently glost-fired into a oiSJ £1, oh I k ' 35 Sh ° Wn h FIGS - 1 2A and 
sealing process. Also, from a different point of view since the J T ? heat ' n9 in the above ^cribed glass 
decreased from a conventbnaf.y-employed temperature c 900 ^ C^Cto^S? I"" 563,109 Pr ° CeSS " 
trode 3 and the terminal metal piece 13 become less suscenlL ^f^ 50 C ' th ? surfaces of the center elec- 
the coefficient of linear expansion of the glaze havhc th 2£ve ZrTT ^ ,he di " erence betwee " 

glaze layer 2d has a considerably large amount o a^m^i " ^ SP3rk P ' Ug 100 > the 9 |aze fo ^ing the 

components. ^K,a«addJl„eL^ two kinds of a.kali metal 

-nsulation performance and resulting in excellent flashovlT 

electrode 3as shown in FIG. 6B. Aiso.The spark pig ZTZZTZZTT * ^ 3r ° Und ^.r 

the tip end portion of the insulator 2 is caused t Tented thHLce beTwl S? 8 *f ni " u,face disc nar 9 e plug in which 
and the tip end surface of the ground electrode 4 In h s sfructum sfnl 1 8UrtBCe ° f the C6n,er e,ectrode 3 

of the tip end portion of the insulator 2. resistance to .£ ninaTs fmnro!^ ^ iS indUC6d a ^ the surfac * 
discharge plug. 10 S,3lnin 9 18 ,rr >proved as compared with the case of an aerial 


Embodiment 2 


[0091] Next will be described an embodiment of a SDarkni„r, a * . 

Excepting the composition of the daze .aver ^ -ccoramg to the second mode of the present invention. 

Embodiment 1. Detai.ed description of the components ^er than^'T f ^ P ' U9 is identicat to tha < °' 
readily understood from FIGS. 1 to 7. The glaz-T^?,^" j! £"* ^ * 38 ,he Same w «< bo 

« as primary cationic components; at least one element se.ectedTrom ^ 9 t COmpnsin 9 Si ' B - Zn > *™ Ba which serve 

from among Na, K. and Li, which serve as alto^SSSlT" 9 " ^ * leMt 006 elemen, selected 

are as follows si- on.^. k meiai components. The amounts of the Drimarv 


: the primary cationic components 



less when Na is calculated as reduced to Na 2 Q. K is calcute ed as ed ! . nf C ° mponents is 1 2% by weight or 
L. 2 0. The Pb content as reduced to PbO is suppressed to ?S t,^? , 2 °' ^ U iS Ca ' CU ' a,ed as reduced to 
[0092] Specifically, the above-described compos"^ of ll 2l , 9 " SS ' 

one of the following four optional conditions: (1 ) Si content as re^ceS^- ^'T*™ S ° 33 to Sa,is, y at ,east 
reduced to Zr0 2 is 3.4% by weight or less; (3) T, contentl re duc lf rn 2 "! 2 °o" 38% by Weighti ™ * content as 
is 0.2-10, wherein WZr represents Zr content as reduced" t S " % ^ <* ^ (4) mi/W2r 

[0093] The method of manufacturing the spark plug 1 00 hfvSn ,h k T^ 6 "' 8 Ti C ° ntent 38 reduced to ™2 
the same as that of Embodiment 1 except that onj the compo Son ^ SCr>be6 9 la2e la V^ 2d is substantially 

d ,eren, The g,aze slurry ^P-as^^^ 
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^C^^ for Si, H3BO3 powder for B. 

contains Si in an amount of 20-40°/. b weig StTS ced to S O R * ** ^ ^ mb,ed S ° ,hat the 

to B 2 0 3 , Zn in an amount of 1 5-25% by weigh as reduced 0 Z S' R* i ^ °' ^ ™ bV 35 reduced 

to BaO. and a total amount of Ti as reduced to TO^an S Is f P £ h ^T"' ° f 1 ^ by wei 9 ht as red "ced 
at least one element selected from among Na KaL ms addedt I ? 2 °' '" 1 ° % by Wei9ht ' ln ,he case whe ^ 
powder of each element is added such that the mixture co n Snf a ? ,T meta ' COmponent ' the c ^Ponent source 
to K 2 0, and Li as reduced to Li 2 Q of ^ Z^o^^^TTT * * reduced to Na ^ * as reduced 
melting, and the molten material is poured into wl.e for rao^ c^ inn h - ^ " hea ' edat 100 °- 150 °°C for 
crushed, tothereby obtain glazefrit The glaze frrtn^v be blnnln ^ 9 v,,rl,,cat,on - vitrificated material is 
or gairome Cay. and an organic binder Wafer is M^^^T"?* °' ^ SUCh 35 kaoli " 

[0094] When the amounts of the alkali metal componlnts r V '° ,h6feby ° b,ain 9 ,a2e slurr V- 

scribed ranges, glaze slurry having lo W viB^B^3cSSl^^ , ^ ^ det6rmined Wi ' hin the aboVe " de 
slurry S is sprayed/applied through a w^ft^^*^**"™* Referring to FIG. 10, the glaze 
thereby form a glaze slurry coating 2d' unif^ Sf L ' l?^ ^ °' ,he SUrfaCe of the Insulator 2. to 

like which may be involved in the slurb s Sled ^rttoSS " SUPPreSS6d 6n9Ulfment ° f ™ bUbbles or 
sincethe description is substantially the^amllTatp S 

2d" provides the glaze layer 2d having S t!™^ G '^t-firing of the glaze slurry coating 

Embodiment 1, the softening point of L glazeTs as ,ow Ts tZeT f^' ^ 85 ,h6 CaSS °' 

process is decreased to 800-950'C from Lonvemional emnLfn , 9 ,em P erature in glass sealing 

faces of the center electrode 3 and the 900-1 000'C. Therefore, the sur' 

the difference between the coefficient of linear expansion of h fl ^eptib.e to oxidation. Further, since 

that of alumina insulator material loaJ^iZ^?^-*?* 'T 9 above - d -^ribed composition and 
cracks and the like under cooling in the gliss Z^p«^S2 a T ' ** 9,326 byw 2d iS less ««• ^ to 
glaze forming the glaze layer 2d contains^ small ZlToU^e aTkS m2, ™ " " 9 '° S, - firin9 PrOC6SS - &nce the 
ance ,s secured, resulting in excellent flashover prevention components, excellent insulation perform- 

present invention can be obtained a^mlrST ^ ,hOSe °' the SGCOnd mode of th! 


EXAMPLE EXPERIMENTS 


[0096] To confirm the effects of the present invention, the following experiments were performed. 

Experiment 1 

(purity: 99.9%, average particle size: 2 Jul) SS^SSr 6 T"? ^ ' * ^ 
average particle size: 1 .5 pjn), H 3 B0 3 (purity- 99 0% avL Q « nlrtM 9 ? S ' 26; 2 » m) ' BaC °3 (P u »ty: 99.5%, 
particle size: 2.0 um) at P redete?minedVo P oZ^ "^35^^ ^JT^ Zn ° ^ 9 ^%- average 
weight was mixed with 3 parts by weight ofpVA servha II I ^ Z 3 l ° ,al am ° Unt of 100 P a ^ by 
followed by wet-mixing, to thereby prepare a slurry * * ^ 103 partS bv wei 9 h < <* water 

[0098] The slurry was dried through a spray-dry method to itwoi™ „ m 

passed through a sieve so as to regutete the paZ sS to 50 Too P T SPh6r ' Cal 9ranU,SS - The 9 ranu,es * e re 
under a pressure of 50 MPa through rubber-preL mo.d no wNch S T ^ 9ranU ' eS W8re ,0rmed into a com P a ^ 
9. The circumferential surface of th'e con^^^^^^^^ ^ ™' erence l ° ' 1G ' 

f:red at 1 550'C, to thereby obtain the insulator 2 Through X-rav fluorZ, ^ Shap6 - Th6 COmpac ' was 

to have the following composition: 9 ray fluorescence analysts, the insulator 2 was confirmed 

Al: 94.9 wt % as reduced to Al 2 0 3 ; 
Si: 2.4 wt.% as reduced to SiO z ; 
Ca: 1 .9 wt.% as reduced to CaO; 
Mg: 0. 1 wt.% as reduced to MgO; 
Ba: 0.4 wt.% as reduced to BaO; and 
B: 0.3 wt.% as reduced to B 2 0 3 . 

[0099] The dimensions o, the insulator 2 shown in FIG. 4A are as follows: Li = about 60 mm, L2 = about 8 mm. L3 
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insulator 2 projecting rearward from the metal.ic shell i has a InZlL TS mm 7 '^T- ' ' 3 ^ 2k °< the 
section including the center axis O of the insulator 2 the feno, LP of thi nr T r 3 '^udinal cross- 

99%), and FeO powder (purity: 99% . Each of the es tant mi*t! 3 T der j puri, y ; 99% >. s n0 2 POWder (purity: 
molten material was poured into water for rapid cool no and v^ ff "S ^ " 1000 - 1500 ° c *» melting. The 
of an a.umina-made pot mi,, for reduction so as a J^TelT T ^ * U8e 

The glaze frit was mixed with 3 parts by weight of cLlf, 1 ° ^ ° f l6SS ' t0 1hereb V ^tain 9'aze frit 
as an organic binder, and , 00 parts W^^Z^^ST! Zea,a h nd ka ° ,in ' 2 « by weigh, of PVA 
glaze frit, to thereby obtain glaze slurry. 6 am ° UntS are based on 1 00 P a rts by weight of the 

^Le^g, F «^^TZ™™^^ !«* -to the surface of the insu.ator 
became about 80 urn. By use o, the thus-fabricated ^ ^ ' hiCkn6SS ° f the 9 |a2e "ating 
were prepared through the method describe ^ rZ^ to * P ' U9S 100 Sh ° Wn in F '«- ' 
diameter of the thread portion 7 was made 14 mm A, so b O sn ' r o A f " ^ 12B " H ° WeVer ' the outer 
powder. TiQ 2 powder, and metallic Al powder wer^used as fwtlwd!^ f 9 ^ ^ Carb ° n black 

glass. Cu powder, Fe powder, and Fe-B powder nested l^ aaZ , "l™"** 15; and ^SiG^O 
and 17. the temperature during g,ass seeing; i.e the g.ost firina tZ , « COnductive 9 lass «*" layers^ 

on the surtace of eacn of tne insulators 2 ha s d a ln ^ l ^ fc 2o^x^ w, was c - The giaze ,ayer 2d ,ormed 

Throu^X^^^^^ 

following experiments were performed by use 5 thf s amp Ls. < amor P ho "s)- The 

(1 ) Analysis of chemical composition: Fluorescent X r»« e„ Q ,-t, 

values (as reduced to corresponding oM^^J^T^!^ ^ 1 and 3 show the 

of the glaze layer 2d formed on the bu^^^^^^^ 1 ^^ M ^ the composition 
confirmed that the results were substantially in aorfemt with m determined throu 9h EPMA, which 

Pies. d " y a 9"»ement with those obtained through analysis of the lumpy sam- 

(2) Coefficient of thermal expansion: A piece (5 mm x 5 mm x m f„ 

lumpy samples,and an average was calculated fZ meaTrenlTn « mea ^ rement was cut f ™ each of the 
a known method using a di.atometer. Also, a test piece of the sZ Hi™ " 2 °'° 35 °° C throu 9 h 
2 and subjected to the same measurement: the ^ J?^ x^S* ^ «** ^ 

(3) Softening point: Each of the powder samples ren mn\ ,.,0 J . L 

application o, heat. The measurement ^XX^^t differentia, thermal ana.ysis by the 
endothermal reaction was determined as the softening temperature at the second peak in 

[0103] The insulation resistance of each of the SDarkninncwoo 

which has been a,ready described with reference S FIG a The sta^oMta al^f * th ™* ^ ™ ,hod 

insulators 2 was visually checked. The results are shown in .Tables ! A ^ °° 6aCh 0f the 
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11* 


12* 


13 


14 


15 


16 


17 


18 
19* 


Table 1 (cont inued) 
Primary components (as oxides) 


Si0 2 
(wt%) 


40 


28 


28 


28 


28 


28 


28 


27 


27 


27 


27 


27 


27 


27 
27 


B 2 0 3 
(wt%) 


20 
32 


32 
32 


32 


32 


32 
31 
31 


31 


31 


31 


31 


31 
31 


Na 2 0 
(wt%) 


4.0 


4.0 


4.0 


K 2 0 
(wt%) 


4.0 


4.0 


A-,/A 2 


1.52 


4.0 


4.0 


4.0 


4.0 


4.0 


8 
10 


4.0 


4.Q 
4.0 


4.0 


6 
5 


3 
1 


note) *: outside the scope of the invention 


1.52 


1.52 


1.52 


BaO 
(wt%) 


13 


13 


1.52 


1.52 


1.52 


0.34 


0.57 


0.87 


1.27 


1.82 


2.66 


4.05 
15.2 


13 


18 


22 


12.5 
12.5 


12.5 


12.5 


12.5 
12.5 


12.5 
12.5 


ZnO 
(wt%) 


17.5 


17.5 


25.5 


22.5 


17.5 


12.5 


8.5 


17.0 


17.0 


17.0 


17.0 


17.0 


17.0 
17.0 
17.0 


Total 
(wt%) 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 


98.5 
98.5 


98.5 
98.5 


Auxiliary component (as 
oxide) 


Al 2 0 3 
(wt%) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 
1.5 
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Softening point 
(°C) 


600 
640 


650 


670 


700 


650 


620 


640 


670 


nole) *: outside the scope of the invention 


Table 2 


Coefficient of thermal 
expansion (x 10- 7 /°C) 


94 


82 


75 


60 


45 


83 


90 


88 


82 


Insulation resistance 
(MQ) at 500° C 


550 


750 


800 


950 


350 


550 


150 


250 


650 


Remarks 


Cracks on the surface of 
glaze 


Cracks on the surface of 
glaze 


Cracks on the surface of 
glaze 


Cracks on the surface of 
glaze 


Crazing in the surface of 
glaze 


Crazing in the surface of 
glaze 


Cracks on the surface of 
glaze 


Cracks on the surface of 
glaze 


Cracks on the surface of 
glaze 
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Softening point 
(°C) 

Coefficient of thermal 
expansion (x 10* 7 /°C) 

ununuea) 

Insulation resistance 
(MU) at 500°C 

Remarks 

10 

11* 

685 
750 

70 
65 

700 
850 

Cracks on the surface of 
glaze 

Poor melting of glaze 

12* 

13 

14 

15 

16 

17 

18 

19* 

730 
700 
680 
630 
640 
630 
630 
610 

78 
68 
59 
71 
65 
78 
74 
80 

50 
80 
120 
550 
600 
80 
45 
25 

Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
Poor melting of glaze 
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Auxiliary components (as oxides) 

1 

C 

w o 
o 

E 
o 
U 

O 

o 
■ <s 

■ 

CaO 0.5 

FeO 0.6 

• 

1 

CaO 0.4 

ro 

d 

H 

m 

r 
< 

SrO 1.6 


1 

1 

• 

Sn0 7 0.5 

FeO 0.3 

CaO 0.2 

CaO 0.1 

CaO 1.6 

FeO 0.3 

CaO 1.3 

Component/wt% 

On 

d 

< 

o 

d 

CS 

< 

AlA 16 

CN 

d 

On 

o 

o 

O 
cd 
O 

o 

r 

< 

On 

o 
< 

VO 

<2 

CO 

CN 

© 
O 

CO 

CO 

d 

r 
< 

CN 
CN 

r- 

o 
p 

AlA 10 

VO 
<— 

o 

A1 7 0, 1.2 

o 

d 

rs 
< 

AUO, 0.8 

o 

< 

On 
O 

O 
< 

components (as oxides) 

*-* ©X 

O 

00 
OS 

cK 

ON 

ON 
ON 

CN 

oo" 

ON 

ON 
ON 

o 

ON 
ON 

On 
ON 

o 
vn 

ON 

iO 

NO 

On 

vo 

OO 
On 

oo 

On 
On 

On" 
On 

OO 

t< 
ON 

lO 

od 
On 

CN 

oo 

On 

vo 

CO 
On 

oo 
On" 

NO 
5\ 

CN 

OO 
On 

CO 
On 

o ^ 

o 
© 

CM 

vo' 

co 

o 
cn 

vo 
v©' 

ON 
TT 

c^ 
cn 

ON 

c-' 

o 

oo 

»o 
CN 

cN 

ON 

oo 

On 

o* 

VO 

ON 


O 
CN 

v N 

CO 
CN 

VO 
CO 

O 
m 

"xf 
CN 


OO 

on 

ON 

On 
O 

CN 
CO 

CN 

vq 
cn 

vn 

CN 

O 
CN 

VO 
CN 


CN 

o 

OO 

VO 
<0* 

CN 

CN 

*T 

VO 

CN 

CN 

oo 

CO 

Alkali (2) 
componentAvt% 

(N 

O 

vo 
co 

O 

CN 
SO 

O 

to 
co* 

o 

OO 

co 
O 

r- 

<o 
O 

rs 

CO 

vd 

o 

r* 

VO 

o 

M 

r- 

VO* 

O 

r. 
*C 

CN 

O 

rs 

VO 
VO 

o 

K,0 4.0 

CN 

O 

NO 
Tf" 

O 

VO 

O 

rf 

O 

in 

\3 

uo 

o 

NO 

o 

rs 

u 

q 

o 
o 

o 

. rs 

Primary 

Alkali (1) 
component/wt% 

o 

<o 
O 

a? 

z 

o 
O 

CO 

Na,0 4.5 

Na,0 6.0 

Na,0 6.2 

vb 
O 

2 

Na,0 5.7 

ON 

o 

CN 

*n 
O 

z 

o 
z 

OO 

O 

tci 

Z 

CO 
NO 

O 

cd 
Z 

Na,0 2.2 

Na,0 3.0 

Na,0 4.3 

NO* 

O 

u 

Na,0 8.0 

vo 

On' 

o 

cd 

z 
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note) outside the scope of the invention 


50 

25 


Poor melting of glaze 
Poor melting of glaze 


Poor melting of glaze 


Cracks on the surface of 
glaze 


«. obtoed even a. a low slost-firing ttmpsratur. ™ S^C^U ? f 

Experimenl 2 

(purjy: 99.5%). BaC03 P owder (purity: 99.5 % ) 2 Na 2 C0 3 powder (p^ £5» ^ST ? 8 5%) ' Zn ° P owder 

powder (punty. 99%), Al 2 0 3 powder (purity: 99.5% CaC^ ^ 
Zr0 2 powder (purity: 98%). These were mixed at various mbTo L t°J' TlO 2 p0wder (P urit V: S9-S%). and 

1000-1500.C lor melting. The molten material was p^.ZX£ tar^ T mlX,Ure W3S heated at 

matenal was crushed by use of an alumina-made pot mNMmo q ra " n ^ IZZT 9 " MlCaX ™- The vi ™^d 
thereby obtain glaze tril. To the glaze frit were added taS „T„ 9 Verage partlCle size of 9 " 10 Mm. to 

(England kaolin), an acrylic organic t^^^^ % %^ « ™ b * ^ -rving as a Cay rlera, 
with ,he remainder being ,he glaze frit, followed by m^tSS^J^a^ ^ " ^ " ^ 
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[0106] Each of the thus-obtained glaze slurries wa* aii™^ 

40°C in order ,o stabilize the elution of B £Z^1^to*T??* ^ * C ° nStant tem ^. bath a, 
measurement by use of a Model B viscosimeter (Model B Id L7n r C °TT' S <r ° m ,he 9 ' aze f rit ' ™™* by 
[0107] A variety of spark plugs 100 shown in RG^^^^^S " T ^ e N - BH). 
1 . except tha, the above-described glaze slurries were used ^(TocS D 1" ?' """T C ° nditi ° nS 35 in 
composition). The glaze layer 2d formed on each of the te^f?^*^* manUf3C,Ured ,or e ^h glaze slurry 
1 . the thus-obtained spark plugs were measured for theiMn uTa ^ r! , 0685 ° f 3b ° Ut 50 ^ As in Experiment 
2d formed on each of the insulators 2 was visually checked ^ * ^ The State of the Slaze layer 

[01 08] Separately, samples of lumpy glaze were pre D areri thr™ ,„h .v f - • 

lumpy samples were confirmed to havebeen VMI^^^ ) S ^^^ A The 
ments were performed by use of the samples. rnorpnous) through X-ray diffraction. The following experi- 

(1 ) Analysis of chemical composition: X-ray fluorescence ana k«i. . 

reduced to the respective oxides) for eaoL^ZZaZ ZouT^T' ^ 5 Sh ° WS ,he values 
glaze layer 2d formed on the surface of each of the insula or s S T A ' SO ' ,he composition of the 

values were confirmed to be substantially identical ™e^uL^?^ ^ E ™ A ' ^ the obtained 

(2) Softening point: Each powdery sample (50 mg w^s LbtctL to I 1°°^ ° f ,he ' Um P sam P le *- 
measurement was performed from room tempera uT anS mi te l J T° ^ ,hefma ' ana ' ysis under heat - The 
reaction was determined as the softening point The Tesults are Lhow rlf ^ S9C ° nd P63k in e ndothermal 

(3) The glaze layer obtained through glost-fmng was ^ vll,,v ch P 7h ^ 6 " 
spark p,u gs having an affected 9 ,aze lawyer per l"^^^ 
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[0109] As is apparenl from the above, in the spark olun h*wi™ o . 

second mode of the present invention. ^n^ a ^S^l tlr^ , ^ * «he 

or crazing was low. Especially, an excellent glaze ZZ^ ^ e T X ' e ^ me ^ Ctackina 

^-^C.^e^atkmres^tancB^^^^Z^Z * tain !?° ven at a low 9'^t-firing temperature of 

Also, the g bze slurry used for formlnaa nta,« r prevention, 
homogeneous glaze layer having fewer defects V ° W V ' SC ° Sity ' Which contri °"<ed to formation of a 
[0110] Obviously, numerous modifications and variation-; nf tho ♦ 

teachings. It is therefore to be understood that withhThe s o D e of th^n" ZTT ,n ' i9ht o1 1he above 

practiced otherwise than as specifically described herein PP ' he present inven,ion ™y be 


Claims 

1 . A spark plug comprising: 


a center electrode (3); 

a metallic, shell (1 ) disposed so as to surround the center electrode (3)- 

r;e^r 9 ; ( ur,:^ 

glaze which forms the glaze layer (2d) predominantly comprises Si B Zn anri Ra w . 
metal components selected from among Na K and Li whir! 7* ' W ° co " adde d alkali 

reduced to Si0 2 , the amount of B is 26^^^^^' Si is *» weight as 

weight as reduced to ZnO, the amount of Ba is 7 20°/ IT, ^ 2 3 ' h ° am ° Unt ° f Zn is 1 °- 25 % by 

toZnO, Ba in an amount of 8-15% by wefght as ^Tult^t^r ^ mM °' 12 " 18% by wei 9 ht as reduced 
to Na 2 G, and K in an amount of 3-9% by weight m^^^ " 80 amOUnt ° f 3 " 9% by Wei 9 ht as ^uced 

3. A spark plug according to Claim 1 or 2, wherein the ala?* rnnt^ 

elements selected from among Al. Ca, Fe Zr Ti sf Ma Tm % o T?, M ° com P°"ents, one or more 
cationic components being 5% by weiqht or less with JLJ^ \T' ' t0,al amount of the auxiliary 

is ca,cu,ated as reduced £ A.^ Cafs cScu.a ^^x^^*? ?£ C ° mP ° Siti ° n ' Whe '- Al 
is calculated as reduced to Zr0 2 . Ti is calculated as reduced, TO Sri L ™, , f h 35 " M,UCed t0 Fe ^ Zf 
calculated as reduced to MgO, Bi is calculated as reduced to B O 2 ^ t ^ 38 redUCed to Sr °' M ° is 

" J ^ c^T^t El^tST 9,326 C — ~* - - « -tains Po 

6. A spark plug according to any one of Claims 1-5 wherein «,h=,n ai . . 

two co-added alkali metal components and A2 rZ IZsK* oi hel * *" ™* ° f ° ne ° f the 

reduced to Na 2 0. K is calculated as reduced to K 2 0 and Li Teal at J T. 7' TT ^ ' 8 Ca ' CU ' ated as 
is regulated within the range of 1 .0-2.0. calculated as reduced to Li 2 0, the value of A1/A2 

7. A spark plug according to any one of Claims 1-6 wherein i ho t„»,i, ... 

the glaze; i.e., Si, B. Zn, Ba, and co-added alkali m^al clnl! f ^ Ca "° niC Com P onents contain* in 
oxides. m6tal c °™P°nents is at least 95% by weight as reduced to their 

8. A spark plug comprising: 
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a center electrode (3); 

a metallic shell (1) disposed so as to surround the center electrode (3)- 

Zno, the amount ot Ba is , 0-23% b, MghYas n^uced lo BaO a ri m " ^ bV as '° 
weight as reduced to TO, or ZrCy and the ols« nX, ' "™ amOU "' 01 11 ancl Zr * 2''0% by 

Iron .m°n9 Na, K. and U in a ^^STillTZT^T " '"' 8 °'«=« 
Pb content , s „o, orMler lhan 01% by welgh , ^ as '«"«=«< <» 'heir oxides, wherein the 

a A SP» P.u 9 acco,d,„ 9 to o,a„ 8, who™ lhe 2r CMs „, as ^ fe ^ |$ ^ ^ ^ a ^ ^ ^ 

12. A spark plug according to any one of Claims 8 11 who *u 

Zr and the alkali metal component is not less than 8% by weighT 8 ' C ° n,ent °' 3 C ° mponent selecl ° d from Ti and 

13. A spark plug according to any one of Claims 1-1 2 wherein th^^rL , 

Piece portion (13) disposed within a through-hole of the insui^ ^^™ 86 3 r ° d " sha P ed terminal metal 
integrated with the center electrode (3) or is seoarJlri Z ,u ( * th3t the tSrminal me,al P^e portion is 
layer disposed therebetween; and P ^ th ° C6nter electrode O) ««h a conductive bonding 

30 the insulalor ( 2 ) an insulating resistance of 200 mo „, „ . 

entirety of the spark p.ug is maintained at aboufs^c a ^ an 2 ?' *™ m888Ured 3 S,ate in whi <* the 
terminal metal piece portion (13) and the metallic shell (i) ° CUrr6nt is Caused to flow between the 

14. A spark plug according to any one of Claims 1 n >A(h « • • 
insulating materia, containing Al in an amount ll^Z^TZ ™? f ° m " iTOm 8n al ^ina-based 

the glaze has an average coefficient of linear «L 9 redUCed ,0 A, 2°3: and 

the temperature range from 20=C ,o 350'C P ^ ° f 5 ° X 1 °" 7/ ° C t0 85 * ^ as measured within 

a glaze powder preparation step for preparing glaze powder 
a glaze powder accumulation step for applying the alaze .„ 

form a glaze-powder-accumulated layerS P ° n the SUffaCe ° f ,he insulato ' (2) so as to 

a glost-firing step tor firing the insulator (2) at 800-950-c « n that t h ^ , 

and fixed on the surface of the insulator (2) thS 9 |aze -P° w der-accumulated layer is baked 

wherein the glaze powder preparation step 'comprises the steps of 
mixing source powders for Si B Zn a d B &ltJ ps 01. 

alkali metal components selected from anonT^Tantn sucnT" ^ "**"* P ° WderS f ° r two co " add ^ 
of 1 8-35% by weight as reduced to SiO, B in an amount of 25 ^ t S '' " an amoUnt 

amount of 10 -2 5 o/ o by weigh, as reduced to ZnO. Ba i i an a ^ n f redUCed to «%°a. Zn in an 

and each of the co-added alkali metal components fn a , , o ll by W6lght as reduced to BaO, 
Na 2 O f K is reduced to K 2 0, and Li is reduced to □ a * hen Na * S reduced to 

heating and melting the mixture at 1000-1 500°C * ' 
rapidly cooling and vindicating the molten material- 
crushing the virtrificated material into frit; and 
preparing glaze powder from the frit. 
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A method of manufacturing the spark p,u 9 according to any one of Cairns 8-11 . characterized by comprising: 

a glaze powder preparation step for preparing glaze powder 

a glaze powder accumulation step for applyinq the ala 7 P nnwrw , ,, 

form a glaze-powder-accumulated layer and SUrfaCe ° f ,he insulator < 2 > s ° as to 

a glost-firing step for firing the insulator (2) at 800-950-C w that i ho „io, 

and fixed on the surface of the insulator (2) S^ze-powder-accumulated layer is baked 

wherein the glaze powder preparation step comprises the steps of 

,.duc.d ,o SiO a . B in an amo„n, o. 2M0* by w^a s TdSS B O W " 0h ' M 

wsighl as reduced 10 2nO. Ba in an amount ol 1 o M» L l, t? ^ amoun ' ol 1 s ' 2 » by 

rr „, 2 .,o% b y „ ei8ht wh .„ T1 „ j£ t ° TI | Ba °- and 11 M Z ' » - 

heating and melting the mixture at 1 000-1 500°C' reduced to ZrO a , 

rapidly cooling and vindicating the molten material- 
crushing the virtrificated material into frit; and 
preparing glaze powder from the frit. 

18. A method of manufacturing a spark plug accordina to Claim , finM7 , h ■ 

one end of a through-hole axiaHy fo^f^^^^Z^^ Bn V * ,6rminal metal P' ec * ■» Axed at 
of the through-hole, and a sintered conductive mate iat oort ion ^ T {3) * fiXed al the other end 

material, and is disposed within the iUro^ZTe ^Ztn tlT T * * 9 ' aSS and coM ™ 

O) so as to electrical, connect these com^nentst ^ o^ ^d^S^ *~ ^ ^ 

zxxT*r*rr metai piece is - - 

hole, and a sintered conductive raw powde contain^ ma tlT^l h J° thr ° U 9 h " 
a space between the terminal metal piece ^ T^n^tZT S? M * * Char 9 ed in, ° 

a powder-charged layer; electrode (3) wrth.n the through-hole so as to form 

a press step for bringing the center electrode (3) and the tPrminai mol . • • 

through-hole, in the heated assembly, so that the powder ZT l? ^ C '° Se pr0Ximit y within th * 
trode (3) and the terminal metal piece to hereby f^h^T^'"/ be,WSen ,he cen1er elec - 

a glost-firing step in which thenars ^i^H^^T^ material ^ ™« 
glaze-powder-accumulated layer formed on the surfarfnTm ■ , P " °' the assemb| y ha ™9 a 

fix the layer on the surface ofthe inSS 2) Sreby lTaa£ f * S ° 38 te bake and 

powder in the powder-charged layer. V 3 9 ' a2e layer (2d >' and softening the glass 
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FIG. 1 
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FIG. 2A 
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FIG. 3 


FIG. 4A 
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FIG. 4B 
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FIG. 5 
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FIG. 6A 
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FIG. 7 
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FIG. 9 



EP 0 959 542 A1 


FIG. 10 
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FIG. 12A FIG. 12B 
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